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(54) Synchronization of wireless base stations by a service circuit in a telecommunication 
switching system 



(57) Synchronizing wireless base stations by recep- 
tion of a synchronization signal that is transmitted in an 
unused B channel of an ISDN link interconnecting a 
switching network and the base stations. The synchro- 
nization signals are generated by the tone circuit of the 
switching network which advantageously is a digital sig- 
nalling processor (DSP). Each base statbn is intercon- 
nected to the switching network via two basic rate inter- 



face (BRI) links. Each base station can handle a maxi- 
mum of three wireless handsets thus leaving one of the 
four B channels present in the two BRI links unused. It 
is this un used link that is utilized to transmit the synchro- 
nization signals from the switching network to the base 
stations. Furthermore, the switching network is config- 
ured in such a manner that all base stations receive the 
synchronizatk>n signals at the same time over the un- 
used B channels. 
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Description 
Technical Field 

The invention relates generally to teleconnmunica- 
tion switching systems, and In particular, to wireless tel- 
ecommunication systems. 

Baclcground of the Invention 

In personal communication service (PCS) systems, 
it is necessary to low frequency phase synchronize the 
clocks of the wireless base stations. The clocks of the 
base stations must be synchronized at a precise low fre- 
quency such as 0.488 Hz. In PCS systems, this is nor- 
mally done by allowing one of the base stations to be 
the master and periodically transmitting the synchroni- 
zation information via a wireless channel. The problem 
with this method is that all base stations must be able 
to receive the transmitted synchronization signals. In 
larger PCS systems, it is not possible for one base sta- 
tion to serve as the master with respect to synchroniza- 
tion since no one base station can broadcast to all other 
base stations. A second method that has been utilized 
in PCS systems, is to have a separate wired distribution 
system that provides the synchronization signals to 
each of the base stations. The problem with this tech- 
nique is the added cost to the PCS system. A typical 
base station in a PCS system only handles a maximum 
of three wireless handsets at a time; hence, there are a 
large number of base stations to cover a large geo- 
graphical area. This large number of base stations in- 
creases the cost of providing a separate wired distribu- 
tion system for the synchronization signals. 

In cellular systems in which a base station handles 
hundreds of wireless handsets and where the synchro- 
nization must occur at approximately 8kHz, one tech- 
nique employed to perform the synchronization is to uti- 
lize a earth-orbiting satellite to broadcast a synchroni- 
zation signal. Another technique In cellular systems is 
to have wire or optical fiber links separate from the nor- 
mal, customer traffic, communication links to connect 
the base stations to a central controller. The central con- 
troller transmits the synchronization signals to the base 
stations over the links. In yet another technique, central 
controller periodically stops the normal communication 
on the normal communication links leading between the 
base slatk)ns and the central controller, then broadcasts 
synchronization signals on the links, and then resumes 
normal communicatk5n. While avoiding the expense of 
separate dedication synchronization links, this tech- 
nique causes periodic interruptions in normal communi- 
cations. 

Another technique for cellular base stations is dis- 
closed in U.S. Patent 5,388,102. The method disclosed 
in this patent requires that the ISDN interface cards uti- 
lized in the telecommunication switching system inter- 
connected to the base stations be modified so that the 



synchronization signals can be iransrnitted in the phys- 
ical layer protocol of the ISDN interface. In addition, that 
method also requires that the internal bus structure of 
the telecommunication system be modified to provide 

5 the necessary timing to the modified ISDN interface 
cards. The problem with this method is that it does not 
adapt well to use with a variety of telecommunication 
switching systems. 

What the prior arts lacks is a simple and Inexpen- 

10 sive technique for supplying base statbn synchroniza- 
tion signals in a PCS system. 

Summary of the Invention 

IS This invention is directed to solving these and other 
short comings and disadvantages of the prior art. Illus- 
tratively, according to the invention, synchronization is 
achieved by the base stations by reception of a synchro- 
nization signal that is transmitted in an unused data 

20 channel of a communication link interconnecting a 
switching network and the base stations. The synchro- 
nization signals are generated by the tone circuit of the 
switching network which advantageously Is a digital sig- 
nal processor (DSP). Advantageously, each base sta- 

25 tion is interconnected to the switching network via two 
ISDN basic rate interface (BRl) links. Advantageously, 
each base station can handle a maximum of three wire- 
less handsets thus leaving one of the four B channels 
present in the two BRl links unused. It Is this unused link 

30 that is utilized to transmit the synchronization signals 
from the switching network to the base stations. Further- 
more, the switching network Is configured in such a 
manner that all base stations are transmitted the syn- 
chronization signals at the same time over the unused 

3S B channels. 

These and other advantages and features of the in- 
vention will become more apparent from the foltowing 
description of an illustrative embodiment of the invention 
taken together with the drawing. 

40 

Brief Description of the Drawing 

FIG. 1 illustrates, in block diagram form, a wireless 
telecommunication system that incorporates an il- 
46 lustrative embodiment ot the invention; 

FIG. 2 illustrates, in block diagram form, a switching 
network; 

FIG. 3 illustrates a timing diagram illustrating the 
synchronization signal; 
so FIG. 4 Illustrates, in block diagram form, a base sta- 
tion; and 

FIG. 5 Illustrates, in block diagram form, a tone cir- 
cuit. 

55 Detailed Description 

FIG. 1 shows a block diagram of a wireless telecom- 
munication system. Switch node 100 provides telecom- 
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munication switching service to wireless handsets that 
request such service via base stations 1 04 through 1 06. 
Node processor 101 via bus 112 and network 102 and 
the appropriate BRI links provides control for the base 
stations. Switching network 102 provides switching be- 
tween public telephone network 105 and base stations 
104 through 106. Each base statbn can have a maxi- 
mum of three active wireless handsets connected to it 
at any time. Each BRI link has two B channels for com- 
municating a voice or data call If base station 104 is 
servicing three active wireless handsets, then three of 
the four B channels in BRI links 107 and 108 are in use. 
The fourth B channel of BRI links 107 and 108 is always 
idle with respect to voice or data calls and is utilized to 
transmit synchronization signals to base station 104 
from DSP tone circuit 103 and switching network 102. 
These synchronization signals are transmitted from 
switching network 1 02 to base stations 1 04 through 1 06 
ai the same instant of time. In addition to generating the 
synchronization signals, DSP tone circuit 103 generates 
rill oihci tones required by switch node 1 00 such as dial 
lone or busy tone. 

The synchronization signals generated by DSP 
lone circuit 103 is a predefined repeating data pattern 
that IS transmitted advantageously every 2.048 sec- 
onds FIG. 3 illustrates the synchronization signals that 
are transmitted to the base stations. The connection 
through switching network 102 for the synchronization 
signals from DSP tone circuit 103 via bus 113 are es- 
tablished by node processor 101 via control signals 
transmitted over bus 112 to switching network 102. 

FIG. 2 Illustrates in greater detail the structure of 
switching network 102. Switching network 102 performs 
the switching of data and voice calls utilizing system 
TDM bus 201 and BRI TDM bus 202. Each TDM bus 
has 512 time slots that repeat every 8kHz. Each PRI 
Interface is connected to system TDM bus 201 via Its 
own TSI such as TSI 205 and 206 for PRI interfaces 21 6 
and 214, respectively. The time slot interchangers (TSI) 
205-208 are utilized to transfer time slots from one TDM 
bus or PRI interface to another TDM bus or PRI inter- 
face. The control of TSI 205-208 and the time slots uti- 
lized by BRI interfaces 209 through 213 and PRI inter- 
faces 214 through 21 6 is under control of network proc- 
essor 204 which receives control informatton from node 
processor 101 via bus 112. 

For example, consider the interconnection of a B 
channel on PRI link 114 being interconnected to a B 
channel on BRI link 107. BRI interface 209 places data 
concerning the call on the specified B channel of BRI 
link 107 onto BRI TDM bus 202 in a specified time slot. 
TSI 208 is responsive to the data in the specified time 
slot to transfer continuously that data to system TDM 
bus 201 in a second specified time slot on system TDM 
bus 201. TSI 206 is responsive to the second specified 
time slot to transfer continuously that data to PRI inter- 
face 214 in a third specified time slot. PRI interface 214 
is responsive to the data in this third specified time slot 



to transfer continuously that data on the specified B 
channel of PRI link 114. The flow of data from PRI link 
114 to BRI link 107 is similar. 

DSP tone circuit 103 transmits tones and the syn- 

5 chronizatran signals in individual time slots on link 113 
to TSI 207. With respect to a tone such as busy tone, 
TSI 207 under control of network processor 204 may 
insert the data for the busy tone into a number of time 
slots on system TDM bus 201 depending upon the 

10 number of B channels of BRI links on which the busy 
tone is to be transmitted. However, the synchronization 
signals are inserted into only one specified time slot on 
system TDM bus 201 by TSI 207. TSI 208 is responsive 
to this specified time slot on system TDM bus 201 to 

IS insert the synchronization signals into a second speci- 
fied time slot on BRI TDM bus 202. BRI interfaces 209 
through 213 are responsive to the synchronization sig- 
nals in the second specified time slot on BRI TDM bus 
202 to transmit this data on the fourth B channel of each 

20 of the BRI interface pairs e.g.. BRI interfaces 209 and 
211. The synchronization signals are then utilized by 
each individual base station to synchronize the internal 
clock of each base station. 

FIG. 3 illustrates synchronization pattern such as 

2S synchronization signals 301-303. The synchronization 
pattern is repeated every 2.048 seconds. Except during 
the synchronizatk>n signals, the data pattern sent by 
DSP tone circuit 1 03 is an alternating one and zero pat- 
tern. 

30 FIG. 4 illustrates base station 104 in greater detail. 
Microprocessor 401 in conjunction with ROM 403 and 
RAM 402 provide the overall control over the base sta- 
tion. BRI interface 404 receives and transmits informa- 
tion on BRI links 107 and 108. BRI interface 404 is re- 

3S sponsible for information being communicated with 
switching network 102 of FIG. 1 on BRI links 107 and 
108. BRI interface 404 communicates the two D chan- 
nels via cable 421 with microprocessor 401 and three B 
channels with PCM to RF converter 406. Microproces- 

40 sor 401 is responsive to the received information on the 
two D channels which is transferred to microprocessor 
401 via cable 422 to perfomn the required actions. Mi- 
croprocessor 401 communicates control information 
with BRI interface 404 via cable 418 and PCM to RF 

4S converter 406 and RF circuit 407 via cable 417. Con- 
verter 406 is communicating information between RF 
circuit 407 and BRI interface 404. Converter 406 prop- 
erly formats this information. In addition, PCM to RF 
converter 406 communicates control messages being 

so transmitted by wireless sets received via RF circuit 407 
to microprocessor 401. 

Consider now the operation of pattern detection cir- 
cuit 408 and divide by 4.096 counter 409 in generating 
a 500 Hz phase synchronize pulse on conductor 416 to 

ss RF circuit 407. Pattern detection circuit 408 receives via 
conductor 410 from BRI interface 404 the frame strobe 
that indk:ates the start of a frame on the BRI links. This 
frame strobe occurs at a 8 KHz rate. In additksn, pattern 
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detection circuit 408 receives the data being transmitted 
on the dedicated B channel fronn bus 412. Using this 
information, pattern detection circuit 408 detects the 
synchronization signals 301 . 302 through 303 illustrated 
in FIG. 3. Upon detecting the synchronization signals, 
pattern detection circuit 408 transnnits a counter clear 
signal on conductor 414 to reset counter 409. Counter 
409 is counting at a rate of 2.048 MHz received from 
BRI interface 404 via conductor 413. Counting at this 
rate, counter 409 generates a 500 Hz signal. The coun- 
ter clear signal received via conductor 41 4 from pattern 
detection circuit 408 malnta^is the 500 Hz signal in 
phase synchronization with the other base stations. 

FIG. 5 illustrates in greater detail one possible em- 
bodiment of DSP tone circuit 103. DSP 506 executes 
the program contained in dual port memory 502 using 
data also stored in memory 502 accessed via bus 508 
to generate the synchronization pattern and tones re- 
quired by switch node 100. DSP 506 is programmed us- 
ing well known techniques to generate the synchroniza- 
tion pattern and the tones. Board processor 501 deter- 
mines the data and program that will be loaded into dual 
port memory 502. Board processor 501 is responsive to 
program information received via bus 112 from node 
processor 101 of FIG. 1 to store the program utilized by 
DSP 506 in flash memory 504. In addition, board proc- 
essor 501 stores its own program In flash memory 504. 
Flash memory 504 is utilized since the contents of flash 
memory 504 will not be lost in the event of a power fail- 
ure. RAM memory 503 Is utilized to hold the program 
and data utilized by board processor 501 either for in- 
ternal use or for transfer to dual port memory 502 for 
use by DSP 506. As DSP 506 generates the tone and 
sync samples, these samples are transmitted in time 
slots on bus 113. As previously described, TSI 207 is 
responsive to each time slot to place that time slot in the 
specified time slot or time slots on system TDM bus 201 . 
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Claims 

1. An apparatus for synchronizing a plurality of base 
stations (104, 106) connected to a switch node 
(100) via plurality ot communication links (107-111) 
with each communication link having a signal chan- 
nel and a plurality of data channels, comprising: 

an auxiliary circuit (103) for generating syn- 
chronization signals and transmitting the syn- 
chronization signals to a network in the switch 
node; and 

the network (102) responsive to the synchroni- 
zation signals for transmitting the synchroniza- 
tion signals to each of the plurality of base sta- 
tions via one of the plurality of data channels In 
a set of the plurality of communication links con- 
necting each of the plurality of base stations to 
the network whereby the synchronization sig- 



nals are simuilaneousiy transmitted by the net- 
work on each one of the plurality of data chan-. 
nels transporting the synchronization signals to 
each one of the plurality base stations and each 
5 one of the plurality of data channels for trans- 

porting the synchronization signals is dedicated 
solely to communicating the synchronization 
signals! 

10 2. The apparatus of claim 1 wherein the auxiliary cir- 
cuit further generating other signals for use by the 
network. 

3. The apparatus of claim 2 wherein the auxiliary cir- 
cuit comprises a digital signal processor having a 
program for producing the synchronization signals 
and the other signals for use by the network. 

4. The apparatus of claim 3 wherein the other signal 
are tones for indicating the state of a telephone call. 

5. The apparatus of claim 2 wherein the communica- 
tion links are ISDN links, the signal channels are D 
channels, and the data channels are B channels. 

6. The apparatus of claim 5 wherein each of the set of 
the plurality of ISDN links is a pair BRI links and one 
of the plurality of B channels for transporting syn- 
chronization signals to each of the plurality of base 

30 stations is communicated by the pair of BRI links. 

A method for synchronizing a plurality of base sta- 
tions (104, 106) connected to a switch node (100) 
via plurality of communication links (107-111) with 
3S each communication link having a signal channel 
and a plurality of data channels, the method com- 
prising the steps of: 

generating synchronization signals and trans- 

40 mitting the synchronization signals by an aux- 

iliary circuit to a network in the switch node; and 
transmitting the synchronization signals to 
each of the plurality of base stations by the net- 
work in response to the synchronization signals 

45 via one of the plurality of data channels In a set 

of the plurality ot communication links connect- 
ing each of the plurality of base stations to the 
network whereby the synchronization signals 
are simultaneously transmitted by the network 

so on each one of the plurality of data channels 

transporting the synchronizatk)n signals to 
each one of the plurality base stations and each 
one of the plurality of data channels for trans- 
porting the synchronization signals is dedicated 

55 solely to communicating the synchronization 

signals. 

8. The method of claim 7 wherein the step of generat- 
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ing comprises the step of generating other signals 
for use by the network. 

9. The method of claim 8 wherein the step of generat- 
ing further comprises the step of producing the syn- s 
chrontzation signals and the other signals for use 

by the network by digital signal processor having a 
program. 

10. The method of claim 9 wherein the other signal are io 
tones for Indicating the state of a telephone call. 

11. The method of claim 8 wherein the communication 
links are ISDN links, the signal channels are D 
channels, and the data channels are B channels. 

12. The method of claim 11 wherein each of the set of 
the plurality of ISDN links is a pair BRI links and one 
of the plurality of B channels is for transporting syn- 
chroni^alion signals to each of the plurality of base 20 
stations is communicated by the pair of BRI links. 
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(57) Synchronizing wireless base stations by recep- 
tion of a synchronization signal that is transmitted in an 
unused B channel of an ISDN link interconnecting a 
switching network and the base stations. The synchro- 
nization signals are generated by the tone circuit of the 
switching network which advantageously is a digital sig- 
nalling processor (DSP). Each base station is intercon- 
nected to the switching network via two basic rate inter- 



face (BRI) links. Each base station can handle a maxi- 
mum of three wireless handsets thus leaving one of the 
four B channels present in the two BRI links unused. It 
is this unused link that is utilized to transmit the synchro- 
nization signals from the switching network to the base 
stations. Furthermore, the switching network is config- 
ured in such a manner that all base stations receive the 
synchronization signals al the same time over the un- 
used B channels. 
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